The possibilities of co-leachings of Ti(IV) and Fe(III) from the roasted product of ilmenite sand with sodium sulphide at the optimum conditions by hydrochloric and sulphuric acid were investigated. The leaching was dependent on hydrochloric and sulphuric acid concentrations, temperature and leaching time. The optimum conditions for the best dissolution of Ti(IV) and Fe(III) were: temperature 100 O C, time 60 min for 1:1 ilmenite to sodium sulphide weight ratio roasted product and 10 min for 1:2 ilmenite to sodium sulphide weight ratio roasted product, acid concentration 4-6 N and agitation speed 400 rpm. About 95 % Ti(IV) and 93 % Fe(III) dissolutions were obtained from hydrochloric acid leaching and 95 % Ti(IV) and 91 % Fe(III) were obtained from sulphuric acid leaching at a solid to liquid phase ratio (S/L) of 0.10 kg dm -3 .
Introduction
About 3.5 millon tons of heavy mineral deposits containing ilmenite have so far been discovered in the South-Eastern coastal area of Bangladesh (Mirdha and Islam, 1985) . It has been reported (Biswas 1978 ) that the coastal sands contain more than 10 % heavy minerals, which in turn contains 27 % ilmenite. The ilmenite fraction of the Cox's Bazar beach sand is found to contain about 32.4 % iron and 28 % titanium.
Many processes have been tried for the production of titanium dioxide from ilmenite sand in many countries of the world. The beach sand exploitation center of Bangladesh Atomic Energy Commission at Cox's Bazar has succeeded in fractionating the heavy minerals (Pilot Plant Scale) from the raw beach sand of different localities (Islam et al. 1978; Awwal et al. 1976) . Titanium is generally extracted as dioxide from ilmenite fraction by conventional mineral acids leaching and precipitation routes. In the conventional process, a large fraction of ilmenite is being rejected un-dissolved and the co-dissolved other transition metal ions may be co-precipitated with titanium, which may seriously discolor the white pigment color of titanium dioxide. In our laboratory, a few processes have also been tested for the recovery of titanium dioxide. Titanium (IV) has been separated effectively from iron(III) present in sulphuric acid leached liquor using solvent extraction, stripping and precipitation methods (Islam et al. 1978; Islam et al. 1979; Mustafa et al. 1985) . In those studies, the leach liquor was obtained by pasting the powdered ilmenite sand with concentrated sulphuric acid (sp. gr. 1.8) and heating for about 48 h with constant stirring. A report (Mirdha et al. 1985) was also presented in the 10 th Annual Convention of the Bangladesh Association for the Advancement of Science on the separation of titanium dioxide from other constituents in the ilmenite concentrate.
All of the techniques mentioned above for the recovery of titanium dioxide from the ilmenite sand required many steps, mostly time and reagent consuming. To overcome these problems, an effort has been provided to recover titanium dioxide from the ilmenite sand by roasting with sodium sulphide and subsequent leaching with hydrochloric and sulphuric acid as partly described in the previous report (Hasan et al. 1998) . In this report, optimum time, temperature, ilmenite to sodium sulphide weight ratio and particle size of ilmenite sand for roasting were determined keeping the dissolution parameters constant. During this study, it was seen that sodium sulphide roasted ilmenite sand was leachable where time and reagent requirements were less compared with other techniques. The present report describes the effects of various parameters on titanium and iron dissolutions from the sodium sulphide roasted ilmenite mass.
Materials and Methods
Ilmenite concentrate used in all experiments was collected from Bangladesh Atomic Energy Commission Pilot Plant at Cox's Bazar. The supplied sample was ground in a ball mill and sieved to collect the (-100+63) micron particle sizes using a sieve shaker. A. R. grade hydrochloric and sulphuric acids were obtained from the E. Marck, and sodium sulphide from BDH Pvt. Ltd.
Procedures

Analysis of roasted mass
The selected classified sand was roasted with sodium sulphide in an aluminum oxide crucible for a predetermined optimum time (100 min) and temperature (800 O C) as reported earlier (Hasan et al. 1998 ). The roasted products for different ilmenite to sodium sulphide weight ratios were analyzed colorimetrically (Vogel 1961) after fusing the roasted mass (0.5 g) with 20 times of its weight of KHSO 4 in a platinum crucible for 1 h. The fused mass was dissolved in 15 % sulphuric acid and made up to the mark in a 500 ml volumetric flask with 15 % sulphuric acid. The actual percentages in the roasted mass were calculated from this colorimetric analysis. Data are given in Table I .
The variations could arise at different oxidizing conditions where conditions can vary due to temperature variations etc. Oxidation reactions of ilmenite (FeTiO 3 ) have been investigated (Chen Y, 1998) during thermal annealing and ball milling processes using X-ray diffraction and thermal analyses. Thermal oxidation reactions consist of a low-temperature (<1000 O C) reaction with the formation of intermediate phases (Fe 2 Ti 3 O 9 and Fe 2 O 3 ) and high-temperature (>1000 O C) reactions with the formation of final thermally stable phases (Fe 2 TiO 5 and TiO 2 ). It is also found that the thermally stable Fe 2 TiO 5 phase transforms to the metastable Fe 2 Ti 3 O 9 phase during milling in oxygen. The different behaviors of the oxidation of ilmenite between thermal annealing and mechanical milling are due to different structural stabilities of oxides and different reaction mechanisms. However, the present work is only for preparative study.
Leaching of roasted mass
The dissolution of 5 g roasted product was carried out with different concentrations of acids (hydrochloric and sulphuric) at a solid to liquid phase ratio (S/L) of 0.10 kg dm -3 at different temperatures for different times. A quick-fit condenser equipped with a flat-bottomed conical flask was used for leaching. A magnetic hot plate stirrer was used for heating and mixing the contents of the flask. At intervals, duplicate aliquots (0.5 ml) of the solution were removed, filtered, diluted and analyzed colorimetrically; one for titanium (IV) and other for iron(III). After leaching, all the leached residues were filtered off, dried and fused with potassium bisulphate to analyze the percentages of titanium dioxide, ferric oxide and chromic oxide retained in the unreacted roasted mass. The compositions of the residues are given in Table II . This composition has been calculated with respect to the weight of residues. Table II shows the weight percentages of metals in leached residue with increasing ilmenite to sodium sulphide weight ratio for leaching with both the acids.
It is observed that the percentage of residue formed decreases with increasing ilmenite to sodium sulphide ratio used in roasting. However, minimum percentage of residue is obtained with 1:4 ilmenite to sodium sulphide weight ratio roasted mass. From the data on weight percentage of metals left in the residue, it is evident that 2 -4 N of acids show preferential leaching for iron from 1:2 -1:5 ratios of roasted masses. Most of the chromium present in the roasted mass goes into solution.
Results and Discussion
The effect of time on leaching has been determined by treating the 1:2 roasted mass with 4 N HCl and H 2 SO 4 at constant S/L ratio of 0.10 kg dm -3 at their boiling points and shown in Fig. 1 . From the effect of time on leaching data, it is observed that the maximum dissolution percentage of titanium is obtained at about 10 min and then decreased with increasing leaching time while the dissolution percentage of iron is increased with increasing leaching time and the maximum dissolution weight percentage is obtained at 60 min.
For the determination of effect of acid concentration, the leaching characteristics of roasted product in both acids show that considerable amounts of titanium and iron are dissolved in 2 N acid solutions at their boiling points. The weight percentages of titanium and iron dissolved at various leaching intervals have been calculated from the percentage of titanium and iron existing in the roasted mass. The maximum percentages of both metals dissolved as functions of acid concentrations are represented graphically in Figs. 2-4 for 1:1, 1:2 and 1:5 ilmenite to sodium sulphide weight ratio, respectively. From Figs. 2 and 3, it is seen that the maximum dissolution weight percentages of both metals are increased with increasing acid concentration, particularly up to 6 N for 1:1 and 1:2 roasted masses and with further increase in the concentration of acid, the dissolutions increased only slightly. The maximum weight percentages of titanium and iron dissolved at the optimum concentration (6 N) of acid are: Ti: 76.27 %; Fe: 84.74 % in HCl and Ti: 35.99 %; Fe: 75.60 % in H 2 SO 4 for 1:1 roasted mass. The maximum The dissolutions of 1:3, 1:4 and 1:5 roasted products show similar trends. Only the maximum dissolution weight percentages of titanium and iron for 1:5 ratio is represented graphically in Fig. 4 . It indicates that the maximum dissolution weight percentages of titanium dissolved in both acids is gradually increased with increasing acid concentration. On the other hand, the maximum dissolution weight percentages of iron dissolved in HCl is gradually decreased with increasing acid concentration. However, in the H 2 SO 4 leaching, it is first increased up to 4 N and then decreased with increasing acid concentra tion. It is therefore, concluded that 4 N of both acids is suitable for the leaching of 1:3, 1:4 and 1:5 roasted products to dissolve maximum weight percentages of both metals. These percentages are: TiO 2 : ~ 99 % and Fe: ~ 95 %.
To determine the effect of temperature on leaching, 5 g of 1:4 roasted mass has been leached with 4 N hydrochloric and sulphuric acids at various temperatures keeping constant S/L of 0.10 kg dm -3 . The maximum weight percentages of titanium dioxide and iron dissolved in both acids have been calculated and shown as a function of leaching temperature in Fig. 5 .
It is observed that the maximum dissolution weight percentages of both metals are From the leaching of different ilmenite to sodium sulphide roasted masses, it is observed that the maximum dissolutions of titanium and iron are obtained from 1:1 ratio roasted product for 60 min leaching time. In the leaching of 1:2, 1:3, 1:4 and 1:5 ratios roasted products, it is observed that maximum dissolution of titanium is obtained at 10 min and maximum iron dissolution is obtained at 60 min.
Although, it has been reported (Belyakova et al. 1963 ) that the ilmenite (without roasting) may be leached by boiling with 18 N sulphuric acid for two days and is partially leachable with 20 % HCl under high pressure and temperature but this investigation shows that much weaker acid solutions are effective after sodium sulphide roasting. In Acid concentration, N contrast, about 81 % titanium and 26 % of iron are reported to be dissolved (Biswas et al. 1987 ) with 6.4 N HF acid in 5 h. However, the HF acid is highly corrosive for most reaction vessels and the leaching time is longer as found earlier for concentrated HF acid leaching (Hansen and Traut, 1989) . The use of concentrated acid solutions is often accompanied by high loss of acid.
Conclusions
This investigation shows the effectiveness of sodium sulphide roasting of ilmenite for leaching with less concentrated acids (HCl and H 2 SO 4 ) for obtaining titanium(IV) leach liquors. The leaching time is also much shorter compared to leaching of non-treated ilmenite with hydrochloric, sulphuric or hydrofluoric acid. A lower leaching temperature can be used. The leaching was performed under atmospheric pressure. Leaching of iron(III) and Ti(IV) is not only affected by time, temperature, acid concentration and stirring speed but also dependent on the ilmenite:Na 2 S weight ratio used in roasting. This study shows only the feasibility of using a cheap chemical like sodium sulphide to decompose a very inactive mineral ilmenite for subsequent leaching with common acids like HCl and H 2 SO 4 . The identification of the product formed on by Na 2 S roasting can be investigated by further sophisticated work, e.g., XRD and related analyses, which have however yet to be done. 
